INTRODUCTION
THE development of the use of induced hypotension in anaesthesia has led to a discussion of the possibility of myocardial ischaemia and cardiac arrest occurring during the low pressure phase. The electrocardiogram offers one method of attempting to answer this question.
Many investigators have reported their results for differing hypotensive techniques but no conclusive evidence appears to have been presented. One group of workers (e.g. Enderby, 1951; Lynn et al., 1952; James et al., 1953; Mandow et al., 1954; Stirling, 1955; Stephen et al., 1956 ) have reported that there are no significant changes in the electrocardiogram during hypotension. Other workers (e.g. Camerini et al., 1952; Wyman, 1953; Wenger et al., 1953; Davison, 1953; Longtin et al., 1954; Haid, 1954; Van Bergen et al., 1954; Mazzia et aL, 1956; and Rollason and dimming, 1956 ) have described alterations in the electrocardiographic pattern during hypotension, mostly in the ST segment and T wave.
The present investigation has made use of simultaneous e.c.g. records of the standard leads and also records of two or three of the precordial leads. In this respect the pattern of the e.c.g. changes has been studied in more detail than in most previous investigations, some of which have employed only one standard lead A great difficulty in discussing e.c.g. changes is the question of how large the change must be to be considered significant Most of the published work is very vague as to the criteria the author has used in reporting a change to have occurred. In the present investigation very definite criteria of significance have been adopted to eliminate minor fluctuations in the e-c.g. pattern.
MATERIAL AND METHODS
Of the 52 unselected cases investigated, 26 were males and 26 were females. Their ages ranged from 19 to 71 years (average 45.8 years) and their weights from 35 kg to 91 kg (average 63.0 kg). Fourteen patients were hypertensive, i.e. they had a pre-operative blood pressure of more than 160/100 mm Hg (table I) .
The urine and haemoglobin concentration were normal in all cases. The blood urea was also normal in all except one (case no. 29) whose blood urea was 44 mg per cent. This patient had malignant hypertension. All had normal teleradiograms except two, one (case no. 29) showed gross and the other (case no. 47) showing moderate cardiomegaly.
In all patients anaesthesia was induced with 2.5 per cent thiopentone, all received 1 per cent pethidine intravenously after induction, all received a relaxant drug, and all were intubated with the largest cuffed orotracheal tube that would pass without trauma.
Forty-one patients were maintained with nitrous oxide and oxygen only, using the semiclosed circle absorption technique; the nitrous oxide and oxygen flowmeters were set at 3.5 and 1.5 litres respectively except in those cases undergoing thoracotomy, when during the period a lung was collapsed the oxygen concentration was raised to 50 per cent.
Eleven cases were maintained with nitrous oxide-oxygen and a trace of trichloroethylene (under 1 per cent) using a Boyle's machine with a total gas flow of 9 litres, 6 of nitrous oxide and 3 of oxygen.
Twenty-two patients were maintained in apnoea by the use of hyperventilation.
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Three combinations of hypotensive drugs were employed. In 15 cases hexamethonium iodide (Hexathide-C6) only was used; in 15 cases trimetaphan (Arfonad) only was used, and in 22 cases chlorpromazine (Largactil) and trimetaphan were employed. In 8 cases procaine amide (Pronestyl) was used in addition (table I) .
The types of operation, the positions of the patients, the pulse rates, blood pressures and the durations of the period of low pressure are recorded in table I. The duration of the low pressure was calculated either as the time when the systolic pressure was 80 mm Hg or below, or as the time when the systolic pressure was below two-thirds of the pre-operative blood pressure.
The Riva Rocci method using the standard 5-inch cuff of Von Recklinghausen was employed for recording the blood pressure. All the patients' arms were of average size. The lower edge of the cuff was placed 1 inch above the bend of the elbow and the middle of the rubber bag lay over the brachial artery. To avoid the difficulty of recording a hypotensive blood pressure when the cuff is compressed accidentally by a member of the surgical team a special guard (Rollason, 1957) was used. When compared with measurement by arterial puncture the systolic blood pressure estimated in the conscious subject by sphygmomanometry averages 8 mm Hg low and the diastolic 8 mm high (Wood, 1956 ). Woodhall and his associates (1953) , however, during induced hypotension with ganglionic blocking drugs, demonstrated that the arm cuff method showed an average fall of 34.6 per cent in blood pressure whereas simultaneous strain gauge recordings, indicated an actual fall of 52.9 per cent in radial arterial pressure. Wyman (1958) , nevertheless, found the brachial cuff pressure varied directly with the intra-arterial pressure in the aorta, femoral and renal arteries during hypotensive anaesthesia.
An Elmquist Triplex machine was used to record the e.c.g. tracings. In addition to the three standard leads, chest leads VI, V3 and V5 were employed, but to permit adequate surgical access lead V5 had to be omitted in five of the six thoracotomies in the series. Changes in the various components of the e.c.g. in all leads were studied. These included changes in the P wave, PQ, QRS and QT intervals, QRS voltage, axis rotation and ST segment and T wave changes.
The patient's blood pressure, pulse rate and e.c.g. were taken at intervals (approximately 10 minutes) from his arrival in the theatre to his departure to the ward. Records were also taken when any surgical procedure such as deliberate traction on the vagus, or any anaesthetic procedure such as intubation was performed. A final e.c.g. was taken some weeks postoperatively.
RESULTS
On the average 15 sets of e.c.g. data had to be examined for each case, most of which were during the low pressure period. In figures 1 and 2 complete data are illustrated for two cases (nos. 13 and 29 respectively); even in these figures those components which did not show any significant change have been eliminated. It is neither necessary nor possible to present such detail for all the 52 cases. However, similar detailed studies were performed, and all e.c.g. changes which did not appear to correlate with the hypotension were eliminated. Those changes remaining were reduced to the maximum change during the low pressure period and this is recorded in the following tables if the change passed the significance level. . (Rollason and Hough, 1957, 1958 ) a change of 1 mm in the standard leads and 2 mm in the precordial leads has been regarded as significant, so that any change smaller than this has not been reported. This choice of significance level has eliminated many small changes, and those which pass this test are likely to be indicative of some genuine change in the electrical behaviour of the heart.
As in previous papers
In the case of the QRS vector the significance level is slightly higher at 3 mm, because it is based on four measurements of the e.c.g.; rotation of the QRS electric axis is regarded as significant if it exceeds 5 degrees.
Changes in the PQ, QRS and QT e intervals have only been regarded as significant if they exceed 0.04 seconds. (for details of calculation see Rollason and Hough, 1957) . ST segment and T wave changes are illustrated in tables V and VI, and changes in the PQ, QRS and QT 0 intervals in table VH. The QT interval varies with age, sex and cardiac rate. When the rate is rapid the interval is short and vice versa. The upper limits of normal for the duration of the QT interval at cardiac rates of 70 or greater is 0.42 second for women and 0.41 second for men and children. QT 0 is the QT interval corrected for pulse rate and was calculated with the aid of a slide rule from the actual QT and the cycle length using the formula QT C = QT\/c where c = cycle length in seconds and corresponds to the R-R interval.
DISCUSSION
Variations in the P wave, QRS axis and vector, ST segment and T wave and PQ, QRS and QT C intervals have been studied. In order to study overall trends the cases were arranged in three categories viz. major changes, minor changes, and no changes. Twenty-four cases showed significant changes in one or more of P, ST and T and these have been classified as major changes. A further 18 cases showed significant changes in the other components but, as these were felt to be less significant, theywere classified as minor changes. Ten cases showed no significant change in any e.c.g. component. The e.c.g. effects of acute blood loss (Katz, 1946) were eliminated in this series by the maintenance of a reasonably constant blood volume. A change in pulse rate at the onset of the low pressure period appears likely to be an indication of circulatory changes. It was decided to regard an alteration in pulse rate of 35 beats per minute as the minimum likely to be associated with serious circulatory change. Nine cases showed an increase and three cases a decrease of this magnitude.
Owing to the serious difficulty involved in measuring diastolic blood pressure accurately during hypotension, only the systolic pressure has been considered. In order to try and evaluate the significance of the hypotension, two different measures have been used; firstly the systolic blood pressure during the low pressure phase and secondly the ratio of the hypotensive systolic pressure to the pre-operative systolic pressure. This latter is referred to here as the pressure ratio and it was not felt necessary to tabulate this specifically as it is easily obtainable from table I.
Sex.
The 52 cases were evenly divided between the sexes without bias as to hypotensive drugs, but it appears that the males were more prone to e.c.g. changes. Seventeen out of 24 cases showing major changes were male; in particular, of the 13 cases showing T wave changes (not associated with ST changes) 11 were male.
The QT 0 interval showed changes in 11 males and 5 females; on the other hand the QRS vector and axis showed changes in 17 females compared with 9 males, and all 3 cases showing a negative axis rotation were female.
Six out of 9 cases showing an increase in pulse rate were male.
The level of the hypotensive blood pressure does not appear to be related to sex.
Age.
The age range was 19-71 years, with an average value of 45.8 years. Certain changes seem to occur more frequently in the older age group, e.g. average age for cases showing P wave changes 60.4 years, and for cases showing decrease in pulse rate 51.3 years; whereas other changes appear to occur in the younger age group, e.g. average age for cases showing ST and T changes 35.8 years, cases showing changes in the T wave only 41.9 years, and cases showing increase in pulse rate 36.8 years.
The hypotensive pressure is also strongly related to age in general, the hypotensive systolic pressure tending to be high for the younger age groups. This is more fully discussed under blood pressure changes.
Weight.
There appears to be no relation between weight and either e.c.g. changes or the minimum systolic pressure reached.
Operation.
The 52 patients were divided into 18 having otolaryngological operations, 6 thyroidectomies, 6 thoraco-abdominal, 18 abdominal, 2 genitourinary, and 2 abdomino-perineal procedures.
The position during the low pressure phase is obviously related to the nature of the operation (see table I ) and it is not proposed to discuss position separately.
There appears to be very little relation between the type of operation and either the e.c.g. changes or the hypotensive systolic pressure. Simondson (1952) found no relation between e.c.g. changes and position, but Newton (1949) and Goldberger (1953) found significant changes.
Anaesthetic Agents.
Eleven cases had trichloroethylene in addition to nitrous oxide and oxygen (table I) , but there appears to be no e.c.g. change which can be specifically associated with this agent. The 2 cases showing significant changes in the PQ and QRS intervals both had trichloroethylene. The remaining 41 cases received nitrous oxide and oxygen alone, but no e.c.g. changes could be ascribed to these agents. Adequate oxygenation was ensured.
Hyperventilation.
This occurred in 22 cases (table I) but does not seem to have any significance in this study.
Hypotensive Drugs.
Fifteen patients (8 males and 7 females) had hexamethonium with an average dose of 1.43 mm/kg.
Fifteen patients (8 males and 7 females) had trimetaphan alone with an average dose of 3.36 mg/kg. Twenty-two patients (10 males and 12 females) had chlorpromazine and trimetaphan with an average dose of 0.89 mg/kg of chlorpromazine and 3.45 mg/kg of trimetaphan.
The average age. of those having trimetaphan alone was 51.3 years whereas for hexamethonium it was 43.7, and 43.5 for chlorpromazine and trimetaphan.
Of the 5 patients showing P wave changes 4 had chlorpromazine and trimetaphan and 1 hexamethonium, and of the 6 patients showing nodal rhythm 4 had chlorpromazine and trimetaphan, 1 trimetaphan, and 1 hexamethonium. Swerdlow and Wade (1953) , however, found 14 out of 40 cases having hexamethonium showed transient nodal rhythm.
The only case showing a significant PQ interval change and, similarly, the only case showing a QRS interval change had chlorpromazine and trimetaphan. Swerdlow and Wade (1953) , however, found frequent changes in the PQ interval after hexamethonium.
Changes in the QT C interval tended to be prolongations with hexamethonium, and shortenings with trimetaphan and with chlorpromazine and trimetaphan. The results with hexamethonium appear to agree with those of Longtin et al. (1954) , but they used the ST rather than the QT interval.
The other e.c.g. components do not seem to show any marked relation to the drug given. Hudon and Jacques (1953) noted no changes in the e.c.g. other than sinus tachycardia when chlorpromazine was employed, and Sadove et al. (1953) found no e.c.g. changes with trimetaphan in conscious unpremedicated man. Wyman (1953) found that in all but 2 of 30 cases there was a flattening or lowering of the T wave after pentamethonium or hexamethonium, and Wcnger et al. (1953) found a flattening of the T wave in 18 out of 20 cases who had received either hexamethonium or pendiomide. Haid (1954) also reported flattening of the T wave after hexamethonium or pendiomide in 8 out of 9 patients who had diseased hearts. Mazzia et aL (1956) reported transient ST and T wave changes in most of 98 cases during the administration of trimetaphan.
Considering the broad division into major, minor, and no changes, the doses of hexamethonium and trimetaphan were not related to the e.c.g. changes, but for chlorpromazine and trimetaphan the average dose of trimetaphan was twice as great for major changes as for minor and no changes.
Of the 9 cases showing an increase in pulse rate, 7 had hexamethonium, and two chlorpromazine and trimetaphan.
Of the 3 cases showing a decrease in pulse rate, one had trimetaphan and two chlorpromazine and trimetaphan.
In all those cases the trimetaphan dose was considerably below the average.
The relation between hypotensive systolic pressure and drugs will be discussed later, but the drug dose increases with increasing minimum systolic pressure.
Procaine amide (Pronestyl) was given in 8 cases (6 males and 2 females) with an average age of 36.1 years and the average dose was 10.21 mg/kg. Five cases had hexamethonium, 1 trimetaphan and 2 chlorpromazine and trimetaphan.
This drug does not appear to show any marked effect on the e.c.g. pattern in this series of cases.
In only 4 cases did procaine amide play a major part in producing the reduction in blood pressure. It was given only where the blood pressure did not respond to the main hypotensive agent, and this accounts for the facts that the average age is low and also that in 7 out of the 8 cases the lowest systolic pressure was 60 mm Hg or above.
Hypertensive Cases.
In this series the following definition of hypertension has been adopted: a systolic blood pressure over 160 mm Hg and/or a diastolic pressure over 100 mm Hg (Wright, 1952) ; 14 cases (3 male and 11 female) satisfied this criterion with an age range of 41-68 years (average 56.9) and a weight range of 54-85 kg (average 67.1).
The cases were distributed fairly evenly over all three combinations of hypotensive drugs and the average doses of the hypotensive agents were not very different from those for the whole series (table I) .
Ten of the 14 cases showed major changes and 2 minor changes in the e.c.g. pattern. This means that major changes in the e.c.g. pattern were more prevalent than for the series as a whole. The e.c.g. changes include 2 instances of P wave change, and 2 of nodal rhythm (tables II and HI). Two showed ST segment and T wave changes, and 4 cases showed T wave changes only (tables V and VI).
Axis rotation occurred in 5 cases of this group and were all positive, with an average value of 24.6° compared with 14.2° for all cases showing changes. Two cases showed an increase in the electric vector each of 4.0 mm (table IV) .
The ST changes were elevations in lead V3 in both cases and in one in V5 as well. Similar elevations in previously depressed ST segments in hypertensive subjects have been reported by Grob et al. (1953) .
Changes in the QT 0 interval occurred in 3 cases (table VII); 2 were shortenings (average 0.055 second) and 1 was a prolongation (0.05 second).
Two hypertensive patients showed a significant decrease in pulse rate, whereas none showed a significant increase. Only 3 cases showing a significant decrease in pulse rate were found in the whole series (table VIIIA) .
The hypotensive blood pressure had an average value of 65 mm Hg systolic and 49 mm Hg diastolic.
The systolic pressure tended to be higher for these cases than for the series as a whole but not very much so.
Pulse Rate Changes.
Nine cases (6 males and 3 females) with an average age of 36.8 years showed a significant increase in pulse rate whereas 3 cases (1 male and 2 female) with an average age of 51.3 years showed a significant decrease in pulse rate (tables Vm and VIIIA). hypertensive patients whereas no such patient showed an increase. Eight out of 9 cases showing a pulse rate increase had major changes in the e.c.g., the remaining case having a minor change only.
Two out of 3 cases showing a decrease were in
Two of the 3 cases showing a decrease in pulse rate had a major change in the e.c.g., but no conclusions can be drawn from this small number.
As such a large proportion of the cases showing an increase in pulse rate have major changes in the e.c.g. it appears fruitful to investigate these cases in some detail. Seven of the cases had received hexamethonium with an average dose of 1.61 mg/kg compared with 1.43 mg/kg for all cases. The other 2 cases had received chlorpromazine and trimetaphan. Swerdlow and Wade (1953) found 14 increases and 10 decreases out of 40 cases having hexamethonium. Longtin et al. (1954) and Camerini et aL (1952) also report c increases in pulse rate after hexamethonium, but Kilduff (1954) reported that trimetaphan did not produce significant changes.
An increase in pulse rate is often associated with an increase in the height of the P wave but none of these cases showed such a change. Neither were there any decreases in the height of the P wave, but 1 case showed nodal rhythm.
Four cases showed a positive axis rotation and 2 cases a decrease in the magnitude of the QRS vector.
Two cases showed depression of the ST segment but Wells (1953) has pointed out that depression of the ST segment of the order of 1 mm can result from tachycardia alone.
Seven cases showed T wave changes and 5 of these were significant in the standard leads; all these showed decrease in the height of the T wave. Changes in T wave were more frequent in this group, where 7 of 9 cases showed changes, whereas in the whole series 19 out of 52 cases showed T wave changes.
Six cases had a prolongation of QT 0 whereas no case had a shortening of QT 0 . One of the 6 cases showing an increase in QT 0 had tximetaphan and chlorpromazine and was the only case in the series having these drugs to show a prolongation of QT C . Prolongation of the QT interval has been reported in myocardial ischaemia (Burch and Winsor, 1949) . Inglis (1952) showed that when spontaneous hypotension occurred during anaesthesia, the cases could be divided into three groups: those with an increase, those with a decrease, and those with no change in pulse rate. The blood pressure was directly related to the product of the cardiac output and the peripheral resistance; if the hypotension was produced by a fall in peripheral resistance no change in the pulse rate occurred. The decrease in pulse rate in this case was produced by over-stimulation of the vagus nerve and an increase in pulse rate was associated with either a reduction in the venous return or a reduction in the force of contraction of the heart. This would suggest that in the case of induced hypotension an increase in pulse rate is indicative of danger. Current investigation suggests that, since 60 per cent of coronary filling occurs in diastole (Gordon, 1957) , intravenous hydergine in a dosage of 0.2 mg/stone body weight may have a beneficial effect by slowing the heart in these cases.
Blood Pressure Changes.
Two different estimates of the effect of the hypotensive drug on the blood pressure have been used, as has been explained earlier.
The value of the lowest systolic blood pressure has been classified into three groups, i.e. 40-55, 60-75, and 80-90 mm Hg. The pressure ratio values have been grouped into 0.29 and below, 0.30-0.49, and 0.50 and above.
In tables IXA and KB the main facts are summarized for sex, age, weight, drug, etc. The two facts which stand out are that the younger the patient the smaller the effect of the hypotensive drug and, further, the dose of drug given is greatest where the effect is least. This second conclusion is rather paradoxical and must be explained by the fact that a failure to reduce the pressure caused an increase in the dose given in the hope, proved groundless, that the pressure would drop further. This effect of the drug is particularly noticeable when chlorpromazine and trimetaphan are the drugs used. Similar conclusions have been arrived at by Enderby (1950) , Enderby and Pelmore (1951), and Kilduff (1954) .
In table X the two measures of the effectiveness of the drug are compared both as to number of cases and ages. A combination of a low pressure ratio and a low systolic blood pressure means that the drug has been very effective whereas a high pressure ratio and a high systolic blood pressure means that the drug has had very little effect.
The table shows a similar pattern with regard to age to the previous table and once again demonstrates that the young are resistant to this technique. In the majority of cases the pressure ratio is of the order of two-fifths and the lowest systolic blood pressure of the order of 60 mm Hg.
The e.c.g. changes do not appear to be clearly related to either the pressure ratio or the value of the lowest systolic pressure. Nodal rhythm appears to be more frequent for low values of the systolic pressure but is not related to pressure ratio.
The e.c.g. changes are not more marked among those cases where the hypotensive blood pressure was lowest. This suggests that the action of the heart is not seriously affected in the pressure range investigated; the reduction in coronary flow must be compensated by die reduction in cardiac work. Eckenhoff (1950) experimenting on dogs under spinal analgesia found that the fall in blood pressure so produced led to a 56 per cent reduction in cardiac work with coronary flow diminishing only 26 per cent, so that coronary flow became more abundant relative to cardiac needs. Moreover, Iitde (1957) has reported diat the coefficient of myocardial oxygen extraction is not increased during hypotensive anaesthesia. However, when the pressure falls sufficiently low the circulation must collapse as the relationship between pressure and flow is not linear, but the present work gives no indication as to the point at which this occurs. Pask (1955) , citing Burton (1954) , has suggested that this critical closing pressure is of the order of 50 mm Hg for the vessels of the hand, and Schwartz et al. (1957) suggest that die critical level for coronary inflow is as low as 10-15 mm Hg. Katz (1958) has shown that oxygen consumption by die heart is determined by the total effort of the heart which includes the static effort (pressure work) and the dynamic (output work); the static work is die more important component so that a decrease in blood pressure would be expected to reduce the oxygen consumption for a given amount of circulatory work. This suggests diat myocardial ischaemia is unlikely to occur during hypotensive anaesthesia and explains why this technique is particularly successful in hypertensive patients. Beck (1958) has shown diat die serious effects of myocardial ischaemia leading to fibrillation are caused by uneven oxygenation of the heart ("pink and blue" heart) and diat it is diese oxygen differentials which cause pronounced changes in die ST segment and T wave of die electrocardiogram. There appears to be no special reason why hypotension should cause an oxygen differential in the heart as all areas should receive a similar reduction in blood flow unless the coronary vessels are differentially sclerosed. On the other hand with healthy coronary arteries the e.c.g. may remain normal until the pressure falls so low that asystole occurs.
Duration of Low Pressure Period.
In order to see whether there was any effect due to the maintenance of low blood pressure for long periods the cases were divided into 3 groups according to the length of this period. In 9 cases the duration was less than 35 minutes, in 30 cases 35-90 minutes, and in 13 cases 95 minutes or more.
The e.c.g. changes are not correlated with the duration of the low pressure, with the possible exception of P wave changes which appear to be more prevalent in cases of medium and long duration. Of 10 out of 11 cases showing either nodal rhythm or P wave changes 5 have medium and 5 long duration.
In general, recovery of the e.c.g. pattern during the low pressure period did not occur in this series, while, on the other hand, Wenger et al. (1953) and Mazzia et al. (1956) have reported such recovery.
E.c.g. Changes During Hypotension.
In the previous paragraphs the dependence of the e.c.g. changes on the various factors has been discussed and overall there does not appear to be a strong correlation between these changes and either the drug used or the lowest pressure reached. The effects of age and pulse rate changes appear of greater significance.
It yet remains to examine what e.c.g. changes occur during hypotension, remembering that in the absence of good correlation between these changes and the hypotension some of the changes may well be due to other causes. Out of 52 cases only 10 showed no significant change, and 24 showed major changes, i.e. changes in the P wave, ST segment and/or T wave.
Six cases showed nodal rhythm and a further 5 showed reduction in the height of the P wave (in 3 cases P was inverted in lead III). In no instance was a significant change found in lead I or in the chest leads.
Only 1 case each of a significant change in the PQ and QRS intervals occurred. Sixteen cases of changes in the QT C interval were found but most of these would not have been significant as QT. Nine of these cases were shortenings and 7 prolongations (table VII) . The relationship between the nature of the change and the drug has already been discussed. Six of the 7 prolongations were associated with a significant increase in pulse rate and T wave changes and 2 were associated with ST segment changes as well (table VIII) .
Changes in the QRS complex occurred in half the cases, changes in the electric axis being more common than in the electric vector. Previous analysis (Rollason and Hough, 1957, 1958) has shown that such changes occur very frequently and probably are chiefly due to mechanical movement of the heart in relation to the electrodes and are consequently of little significance.
Six cases showed ST changes, all of which had T wave changes in addition (table V) . Three cases showed ST changes in the standard leads (mainly lead II) and all were depressions; lead II, however, is reputed to be the least reliable of the standard leads because of the frequency of strong auricular T waves, which are negative, in this lead (Wood et al., 1950) . The associated T wave changes were all flattenings. The other 3 cases showed ST elevations in lead V3 (1 also in V5) and in 1 of these cases the associated T wave was increased and changed sign in lead I.
Thirteen cases showed T wave changes without associated ST changes; 9 of these showed changes in the standard leads (mostly lead II). Eight were flattenings and 1 was an elevation of the T wave in leads II and III.
The changes in the precordial leads were mainly in V3 and were of both signs. Tall peaked T waves in V2, V3, and V4 may be associated with coronary insufficiency (Ashby and Davies, 1957) .
Recovery of the ce.g. pattern during the low pressure period was rare in this series. This may be due to the fact that very few of the changes reported could be regarded as gross.
The primary object of this study of the e.c.g. changes was to investigate the possibility of myocardial ischaemia developing during the low pressure period. The classical signs of myocardial ischaemia are ST depression and T wave inver-sion. In this series 19 cases showed some change in the ST segment and/or T wave but only 6 showed changes in both ST and T. The changes were rarely very large in the standard leads and some were in fact an improvement in an existing abnormal pattern.
The postoperative e.c.g. showed a reversion to the pre-operative pattern and suggested that no permanent damage occurred.
CONCLUSIONS
Males patently showed more e.c.g. changes than females. The younger age groups showed more changes in the e.c.g. pattern and were more resistant to blood pressure fall than the older age groups. Cases receiving the larger doses .of the hypotensive drugs did not show a greater blood pressure fall than those receiving smaller doses.
Cases showing a significant increase in the pulse rate showed a greater tendency to e.c.g. changes. This finding was more common when hexamethonium was the hypotensive drug used. Changes in the P wave were more frequent with chlorpromazine and trimetaphan than with the other two hypotensive combinations.
The average blood pressure in the group of hypertensive patients was only slightly higher than the average for all cases during the low pressure phase. E.c.g. changes in this group were a little more frequent than for the normotensives group but there were no signs of marked changes except in a patient with malignant hypertension, where a classical left ventricular strain pattern reverted to a virtually normal tracing during the low pressure phase.
There was little correlation between the lowest systolic blood pressure reached and the e.c.g. changes, suggesting that coronary flow was adequate for the cardiac work in the pressure range investigated.
SUMMARY
In a series of 52 unselected cases operated on under hypotensive anaesthesia produced by ganglionic blockade electrocardiograms have been studied using the three standard and three precordial leads.
No catastrophic patterns in the e.c.g. occurred but 24 cases showed major changes, 18 minor changes, and 10 no change.
No evidence of permanent heart damage was detected.
